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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electrode alloy for fluorescent 
discharge tube, improving the brightness of a lamp and superior in its moldability, 
an electrode for fluorescent discharge tube and a fluorescent discharge tube 
provided with the electrode. 



SOLUTION: The electrode alloy for the fluorescent discharge tube is formed by 
Ni-W alloy containing 2.0 to 10 mass% of W and the remainder substantially from 
Ni, Ni-W-Nb alloy, Ni-W-Ta alloy or Ni-W-Nb-Ta alloy containing 2.0 to 6.0 
mass% of W and 0.5 to 2.0 mass% in total weight of one or two type(s) of 
elements of either Nb or Ta and the remainder substantially from Ni. The 
electrode for the fluorescent discharge tube 2 is formed by the electrode alloy 
and is provided with a tube part 3 with one end open and an end plate part 4 
sealing the other end of the tube part 3. The end plate part 4 is formed thicker 
than the tube wall thickness of the tube part 3. In the end plate part 4, a recessed 
part 6 for aligning a conductor for power feeding can be formed into a concentric 
state to the tube part 3. 
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CLAIMS 

[Claim(s)] 
[Claim 1] 

W -- 2.0 - 10mass% -- containing ~ the remainder ~ the electrode alloy for the 
fluorescence discharge tubes which consists of nickel substantially. 
[Claim 2] 

one sort or two sorts of elements chosen from 2.0 - 6.0mass, and Nb and Ta in 
W -- the total quantity - 0.5 - 2.0mass% - containing -- the remainder -- the 
electrode alloy for the fluorescence discharge tubes which consists of nickel 
substantially. 
[Claim 3] 

It is the electrode for the fluorescence discharge tubes equipped with the tube 
part from which the end was released, and the end plate section which blockades 
the other end of said tube part, 

The electrode for the fluorescence discharge tubes in which it was fabricated in 
one and the wall-thickness halfbeak of a tube part was also thickly formed for 
said end plate section with the electrode alloy which said tube part and end plate 
section indicated to claims 1 or 2. 
[Claim 4] 



Said end plate section is the electrode for the fluorescence discharge tubes 
indicated by claim 3 by which said tube part and the crevice for conductor 
positioning arranged concentrically were established in the outside. 
[Claim 5] 

It is the fluorescence discharge tube equipped with the electrode of a couple 
which the fluorescent screen was formed in the internal surface, has been 
arranged the glass tube with which the gas for discharge was enclosed with the 
interior, the conductor for feed closed by the both ends of the glass tube in the 
shape of penetration a glass tube, concentric, and within and without the glass 
tube, and inside said glass tube, and was connected to the edge of said 
conductor for feed, 

The fluorescence discharge tube with which the electrode for the fluorescence 
discharge tubes indicated by claims 3 or 4 as said electrode was used, and 
joining of said conductor for feed was concentrically carried out to the outside of 
the end plate section of said electrode. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] 

This invention relates to the fluorescence discharge tube used as a back light of 

liquid crystal, its electrode, and electrode material. 

[0002] 

[Description of the Prior Art] 

The fluorescence discharge tube small as a back light is used for liquid crystal 
equipment. The fluorescent screen (graphic display abbreviation) was formed in 
the internal surface, and this fluorescence discharge tube is equipped with the 
glass tube 1 1 with which the gas for discharge (rare gas and mercury vapour, 
such as argon gas) was enclosed with the interior, and the electrode 12 which 
constitutes the cold cathode of the couple prepared in the both ends of the glass 
tube 1 1 , as shown in drawing 3 . Said electrode 12 is formed in one in the shape 
of a cylinder like object with base of the tubed tube part 13 from which the end 
was released, and the end plate section 14 which blockades the other end of this 
tube part 13. The end of the conductor 15 of the shape of a rod closed so that the 
edge of said glass tube 11 might be penetrated is welded to said end plate 
section 14, and lead wire 17 is connected to the other end of this conductor 15. 
[0003] 

Said electrode 12 is conventionally formed with pure nickel, and the size is 
[ which has a small back light etc. ] for the fluorescence discharge tubes about 
0.1mm in the bore of about 1.5mm, the overall length of about 5mm, and 
thickness of a wall 13, for example. This tubed electrode is fabricated in one by 
carrying out deep-drawing shaping of the pure nickel sheet metal which usually 
has thickness equivalent to the thickness of said tube part. 
[0004] 

As a technique about the electrode for the fluorescence discharge tubes, in order 
to raise a lamp life, forming an electrode with Nb, Ti, low Ta, or these low alloys 
of a sputtering yield is indicated by JP.2002-1 10085,A (patent reference 1). 



However, an expensive top, these high-melting oxidizing quality metals need to 
manufacture bulk material by different special approaches from usual dissolution 
and casting, such as a plasma-arc-melting method and powder-metallurgy 
processing, and have the problem thatfabricating-operation nature is 
dramatically bad and cannot carry out a fabricating operation to a tubed electrode 
easily like pure nickel further as compared with pure nickel. 
[Patent reference 1] 
JP,2000-3973,A (claim) 
[0005] 

[Problem(s) to be Solved by the Invention] 

Although the electrode for the fluorescence discharge tubes mainly had the good 
moldability as above-mentioned and it was formed with pure nickel stable also in 
construction material, improvement in brightness is called for with the 
miniaturization of the fluorescence discharge tube. Although what is necessary is 
just to lower the pressure of the gas for discharge (rare gas) enclosed with the 
discharge tube in order to raise brightness, it becomes easy to produce the 
phenomenon (sputtering) which ion etc. collides and emits an atom to an 
electrode from an electrode metal in the case of burning. Consequently, since the 
atom of an electrode metal combines with the mercury enclosed in the glass tube 
and mercury vapour is exhausted, there is a problem that a lamp life falls. 
Moreover, since the end plate section has only thickness equivalent to a tubed 
body, the conventional tubed electrode has a severe welding condition at the 
time of welding the conductor for feed, and poor joining tends to produce it. For 
this reason, there is a problem of the electric and thermal junction to an electrode 
becoming uncertain, a discharge condition and a heat dissipation condition 
becoming unstable, and the brightness of the fluorescence discharge tube falling, 
and becoming easy for a lamp life to fall. 

This invention was made in view of this problem, is excellent in fabricating- 
operation nature, and aims at offering the electrode for the fluorescence 
discharge tubes which can prevent lowering of the brightness resulting from 



offering the electrode alloy for the fluorescence discharge tubes which can 
moreover raise the brightness of the discharge tube, and poor joining of the 
conductor for feed, and lowering of a lamp life, and offering the fluorescence 
discharge tube further equipped with the above-mentioned description. 
[0006] 

[Means for Solving the Problem] 

the electrode alloy for the fluorescence discharge tubes by this invention - W -- 
2.0 - 10mass% -- containing -- the remainder - the nickel-W alloy which consists 
of nickel substantially, or W - any one sort or two sorts of elements, 2.0 - 
6.0mass%, and Nb and Ta, -- 0.5 - 2.0mass% -- containing -- the remainder - it 
is formed with the nickel-W-Nb alloy, nickel-W-Ta alloy, or nickel-W-Nb-Ta alloy 
which consists of nickel substantially. 
[0007] 

The brightness of the fluorescence discharge tube can be raised under the same 
discharge conditions, securing the fabricating-operation nature which does not 
have inferiority in nickel practically to pure nickel at that of optimum dose **** in 
W excellent in the electron emission characteristic according to this electrode 
alloy. Moreover, the sputtering yield of an electrode can be reduced and a lamp 
life improves [ add / two sorts / one sort or / of Nb and Ta / with 0.5 - 2.0mass% / 
slightly ]. Since the extent is larger than W about 2 times, to Nb and Ta also 
degrade fabricating-operation nature, and carry out compound addition of these 
elements with W, it is necessary to make the upper limit of the amount of W 6.0%. 
[0008] 

Moreover, the electrode for the fluorescence discharge tubes by this invention is 
equipped with the tube part from which the end was released, and the end plate 
section which blockades the other end of said tube part, said tube part and end 
plate section are fabricated in one with said electrode alloy, and the wall- 
thickness halfbeak of a tube part is also thickly formed for said end plate section. 
[0009] 

Since according to this electrode the thickness of the end plate section to which 



joining of the conductor for feed is carried out is formed more thickly than the 
thickness of the tube wall of a tube part even if it is the case that the thickness of 
the tube wall of a tube part is thin In case the edge of said conductor is end plate 
welded in the shape of comparison, the edge of a conductor can be end plate 
welded easily, without performing delicate control of joining outputs, such as a 
welding output, and both poor joining can be prevented. For this reason, the 
electric and thermal junction to a conductor and an electrode becomes certain, a 
discharge condition and a heat dissipation condition are stabilized, and the 
brightness of the fluorescence discharge tube and lowering of a lamp life can be 
prevented. Moreover, the manufacture yield of the fluorescence discharge tube 
can be raised. 

[0010] <BR> In said electrode, it is desirable to establish said tube part and the 
crevice for conductor positioning arranged concentrically in the outside of said 
end plate section. By preparing this crevice for conductor positioning, a 
conductor can certainly be concentrically end plate welded [ of an electrode ] only 
by inserting the edge of a conductor in said crevice and welding it. For this 
reason, by closing a conductor concentrically at the edge of a glass tube, an 
electrode and a glass tube can be arranged concentrically, the homogeneity of 
the discharge condition in a glass tube and stability can improve, and a lamp life 
can be raised more. 
[0011] 

Moreover, since said electrode is formed with the alloy for electrodes concerning 
above-mentioned this invention (a nickel-W alloy, a nickel-W-Nb alloy, a nickel- 
W-Ta alloy, or nickel-W-Nb-Ta alloy), it can raise lamp brightness according to an 
operation of W which could really fabricate by the fabricating-operation nature 
which was excellent in the electrode alloy, and was excellent in the electron 
emission characteristic. 
[0012] 

Moreover, the glass tube with which, as for the fluorescence discharge tube by 
this invention, the fluorescent screen was formed in the internal surface, and the 



gas for discharge was enclosed with the interior, The conductor for feed closed 
by the both ends of the glass tube in the shape of penetration a glass tube, 
concentric, and within and without the glass tube, It is arranged inside said glass 
tube, the electrode for the fluorescence discharge tubes which is the 
fluorescence discharge tube equipped with the electrode of a couple connected 
to the edge of said conductor for feed, and is built over above-mentioned this 
invention as said electrode is used, and joining of said conductor for feed is 
concentrically carried out to the outside of the end plate section of said electrode. 
According to this fluorescence discharge tube, it has each effectiveness by the 
electrode concerning above-mentioned this invention. 
[0013] 

[Embodiment of the Invention] 

the electrode alloy of this invention -- W -- 2.0 - 10mass% -- it contains and 
consists of a nickel-W alloy which consists of the remainder nickel and an 
unescapable impurity, this alloy ~ the amount of W -- 2.0 - 6.0mass% -- carrying 
out -- a kind of Nb and Ta, or two sorts ~ the total quantity -- 0.5 - 2.0mass% -- it 
can contain and can consider as a nickel-W-Nb alloy, a nickel-W-Ta alloy, or a 
nickel-W-Nb-Ta alloy (the nickel-W alloy containing these Nb(s) and Ta may also 
only be hereafter called nickel-W alloy). 
[0014] 

The electron emission characteristic of the metallic element which forms an 
electrode is expressed by the saturation thermionic current (10) generally 
searched for by the following formula (formula of Richardson-Dushman), and it 
excels in the electron emission characteristic, so that 10 is large. If 10 has a work 
function phi and a fixed absolute temperature T so that clearly from the following 
formula, the electron emission characteristic will improve, so that the number A of 
dash men is large. About a work function phi, 4.5eV and W have nickel almost 
equivalent to 4.6eV, and nickel is [ 30 and W of the number A of dash men ] 70. 
this - the electron emission characteristic - W - nickel -- a certain thing is 
understood more than twice. Since the temperature of the back light of the 



fluorescence discharge tube, for example, liquid crystal equipment, is regularity 
(600 degrees C), the amount of electron emission of a nickel-W alloy increases, 
and its brightness improves, so that the amount of electron emission of the 
nickel-W alloy in the temperature is higher than nickel and there are many 
amounts of W. Since too little [ at less than 2.0% / the improvement operation in 
brightness ], the amount of W makes the minimum of the amount of W 3.0% 
preferably 2.0% in this invention. 
IO=AT2exp (- phi/kT) 

However, T:absolute temperature, phkwork function, k: Boltzmann's constant 
[0015] 

On the other hand, W reduces the fabricating-operation nature of nickel. If the 
amount of W exceeds 10% so that clearly from the below-mentioned example, 
fabricating-operation nature will fall, and it becomes difficult to really fabricate a 
tubed electrode with impact shaping (closed flange between the colds). For this 
reason, the upper limit of the amount of W is preferably made into 8% 10%. 
[0016] 

Nb and Ta are elements which reduce a sputtering yield and have effectiveness 
in improvement in a lamp life, this invention person only adds these elements 
slightly into a nickel-W alloy, and did the knowledge of a sputtering yield falling 
substantially as compared with an addition. At less than 0.5%, since too little [ the 
lowering operation of a sputtering yield ], a kind of Nb and Ta or two sorts of total 
quantities make the minimum of an addition (total quantity) 1.0% preferably 0.5%. 
On the other hand, if these elements degrade fabricating-operation nature about 
2 times as compared with W according to the experiment of an artificer and an 
addition exceeds 2.0%, when carrying out compound addition of the W, 
degradation of fabricating-operation nature becomes remarkable. For this reason, 
the upper limit of an addition (total quantity) is preferably made into 1.5% 2.0%. 
When adding Nb and Ta, in consideration of degradation of the fabricating- 
operation nature by these elements, the upper limit of addition of the amount of 
W is preferably made into 5.0% 6.0%. In addition, the Ta of the reduction 



effectiveness of a sputtering yield is larger than Nb so that clearly from the 

below-mentioned example. 

[0017] 

Although said electrode alloy contains a high-melting difficulty workability 
element, after it hot-rolls the casting piece under atmospheric air after casting it 
under atmospheric air, since it is extremely excellent in a moldability and 
workability and anneals it under an inert atmosphere like pure nickel if needed, it 
is easily processible into an about 0.1mm sheet by cold-rolling. And after carrying 
out finish annealing (softening) if needed, a tubed electrode can be manufactured 
by carrying out draw forming of said sheet. Moreover, after processing a casting 
piece into a bar with hot rolling or hot forging, carrying out wire drawing of this, 
cutting the obtained wire rod to proper die length, obtaining a minor-axis-like raw 
material (it is called a slag.) and carrying out finish annealing if needed, a tubed 
electrode can be obtained by carrying out impact shaping of this. When carrying 
out impact shaping, board thickness of the end plate section of a tubed electrode 
can be easily thickened as compared with a tubed part, the crevice for conductor 
positioning can really be easily fabricated in the end plate section further again, 
and it excels in productivity, in addition, finish annealing -- about 800-950 
degrees C ~ 3min from - what is necessary is just to carry out 3hr extent 
maintenance Although what is necessary is just to perform an annealing ambient 
atmosphere in a hydrogen gas ambient atmosphere with the nickel-W alloy which 
does not contain Nb and Ta, when Nb and Ta are included, since it oxidizes and 
is easy to nitride these elements, it is desirable [ elements ] to carry out in inert 
gas ambient atmospheres, such as a vacuum ambient atmosphere or Ar. 
[0018] 

Next, the fluorescence discharge tube concerning the operation gestalt of this 
invention and its electrode are explained. Drawing 1 is the important section 
sectional view of the fluorescence discharge tube concerning an operation 
gestalt, the fluorescent screen 8 was formed in the internal surface, and this 
fluorescence discharge tube is equipped with the glass tube 1 with which the gas 



for discharge (rare gas and mercury vapour, such as argon gas) was enclosed, 
and the electrode 2 which constitutes the cold cathode of the couple prepared in 
the both ends of that glass tube 1 . 
[0019] 

Said electrode 2 is formed in [ the tube part 3 from which the end was released, 
and the end plate section 4 which blockades the end of this tube part 3 ] one. 
The crevice 6 for conductor positioning where fitting of the end of said conductor 
5 is carried out is formed in said end plate section 4 so that rod-like the conductor 
5 and said tube part 3 for feed may be arranged concentrically. Said conductor 5 
is closed so that the edge of a glass tube 1 may be penetrated in and abroad, 
fitting of the edge inside a glass tube 1 is carried out to said crevice 6, and joining 
is carried out by laser welding, resistance welding, soldering, etc. in the boundary 
periphery section with the end plate section 4. The lead wire 7 for feed is 
connected to the other end of said conductor 5 located in the outside of said 
glass tube 1. 
[0020] 

While the thickness (thickness [ of the part where joining of the conductor 5 is 
carried out ] t) of said end plate section 4 forms said crevice 6, the thick twist of 
the tube wall of said tube part 3 is also thickly formed so that a conductor 5 can 
be end plate welded [ 4 ] enough. In the small fluorescence discharge tube, the 
thickness of about 4-1 0mm and a tube part 3 is formed in about 0.08-0. 2mm for 
the die length of an electrode 2, and the thickness of said end plate section 4 is 
formed in about 3 to 10 thick times of said tube part 3. In addition, the depth of 
the crevice 6 in the end plate section 4 is preferably good to make it into twice 
[ more than ] tube wall thickness more than the tube wall thickness of a tube part 
3, and there should just be thickness of the base of a crevice 6 and a tube part 
side inner surface more than thick extent of a tube wall. 
[0021] 

Although said electrode 2 can be formed with pure nickel, it is desirable to form 
with said nickel-W alloy for electrodes. While having the cold-forming nature of 



pure nickel and equivalent extent by using said nickel-W alloy, the brightness of 
the fluorescence discharge tube can be raised. Furthermore, when Nb and Ta 
are included, a sputtering yield can be reduced and a lamp life can be raised. 
This tubed electrode is really fabricated by impact shaping. 
[0022] 

Although the above-mentioned operation gestalt showed the example in which 
the crevice 6 for conductor positioning was really fabricated by the end plate 
section 4, said crevice 6 is not necessarily needed. But since a conductor 5 and 
the tube part 3 of an electrode 2 are concentrically arranged by forming said 
crevice 6, by closing said conductor 5 concentrically to a glass tube 1, an 
electrode 2 and a glass tube 1 can be arranged easily concentrically, 
ununiformity-ization of a discharge condition can be prevented, and stabilization 
of discharge and improvement in a lamp life can be aimed at. 
[0023] 

Although an example is given and this invention is explained more concretely 
hereafter, this invention is not restrictively interpreted according to this example. 
[0024] 
[Example] 

The nickel-W alloy of the presentation shown in a table 1 was dissolved at 1500 
degrees C with the vacuum induction furnace, after carrying out hot forging of the 
casting piece which cast the molten metal at 1100 degrees C in atmospheric air, 
it hot-rolled at the rolling initiation temperature of 1 100 degrees C, and the hot- 
rolling plate and the hot-rolling wire rod were obtained. It was annealed in the 
mixed gas (atmospheric pressure) of nitrogen and hydrogen (it holds 2 hr at 900 
degrees C), cold rolling and cold drawing were given, and these hot-rolling 
material was processed into the sheet metal which is 0.1mm of board thickness, 
and a wire rod with an outer diameter [ phi ] of 1.7mm. Workability and a 
sputtering yield were measured using these samples. 
[0025] 

Workability was evaluated by the impact shaping trial and the compression test 



about the nickel-W alloy which does not contain Nb and Ta. Moreover, the 
compression test result estimated the impact moldability of the nickel-W alloy 
containing Nb and Ta. 
[0026] 

The impact shaping trial cut said wire rod to the slag with a die length of 1.8mm, 
and was performed by fabricating actually a tubed electrode with bore 1.5mmphi 
shown in drawing 2 using this after finish annealing (it holds 2 hr at 900 degrees 
C under a vacuum ambient atmosphere), outer-diameter 1.7mmphi, an overall 
length [ of 5.4mm ], and a crevice depth [ for conductor positioning ] of 0.2mm. 
Punch of the used die is outer-diameter 1.5mmphi, 150 degrees of point aperture 
angles, and construction material die steel (SKD1 1). On the other hand, bores of 
a die are 1.7mmphi and construction material cemented carbide (D kind No. 6). 
since it is at the attainment event, and the die was damaged or punch deformed 
assessment of an impact moldability before the count of shaping reached 1 000 
shots or, the thing shaping became impossible cannot be fabricated for it -- when 
(x) and said shots per hour are reached, neither breakage of a die nor 
deformation of punch arises, but shaping of what was further able to be 
fabricated is possible ~ it considered as (O). 
[0027] 

The compression test added the load of 1470MPa(s) (150kgf/mm2) to the shaft 
orientations of said slag, and asked for compressibility (%) by the following type. 
Compressibility =(slag die length after application of pressure)/(slag die length 
before application of pressure) x100 
[0028] 

Moreover, the sputtering yield was measured by the following points, nickel alloy 
sheet metal blank test piece (10mmx10mm) was extracted, and mirror polishing 
of the trial side was carried out. Using ion beam equipment (the product made 
from Veeco, type:VE-747), said test piece was used as the target, the electrical 
potential difference (500V) was impressed between the target and the substrate, 
the trial side was made to carry out an acceleration collision, and sputtering of 



the fixed time amount (30min ) argon ion (1.3x10-6Torr) was carried out to it. The 
non-spatter section which masked a part of mirror plane is formed in the trial side, 
and a level difference is formed in the boundary of the spatter section from which 
the mirror plane section of a test piece was deleted by sputtering after sputtering, 
and the masked non-spatter section. This level difference was measured using 
the contact process relative roughness meter (product [ made from Sloan ], and 
type:DEKTAK2A), and it asked for the sputtering yield (%) from the following 
formula. 

Sputtering yield = level difference (A) / spatter time amount (30min ) x100 
[0029] 

The compressibility for which it asked as mentioned above, an impact moldability, 
and a sputtering yield are collectively shown in a table 1. In addition, for a 
comparison, the bulk material of pure nickel is prepared and the sputtering yield 
for which it asked by carrying out sputtering on the same conditions as the above 
using this is also shown collectively. 
[0030] 
[A table 1] 
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[0031] 

From a table 1 , it is sample No. According to each sample of the nickel-W alloy of 
1-8, the amount of W is excellent in the impact moldability to a small tubed 
electrode at 10.0% or less. A sputtering yield is Nb and Ta although it is pure Nb 
and equivalent extent Added slight sample No. In 8-10, it turns out that it is falling 
10% or more to pure nickel. Moreover, sample No. With the nickel-W alloy 
containing Nb of 8-10, and Ta, the compressibility is 55% or less, and is sample 
No. From the relation between the compressibility of 1-7, and an impact 
moldability, the impact moldability which was excellent also in these samples is 
expectable. 
[0032] 

[Effect of the Invention] 

The electrode alloy of this invention can raise the brightness of the fluorescence 
discharge tube as compared with pure nickel, without making nickel contain W 



1 .0 to 1 0%, and spoiling the fabricating-operation nature to impact shaping etc. 
Moreover, when W makes Nb and Ta contain slightly further under 1.0 - 6.0%, it 
can have the property of said nickel-W alloy, a sputtering yield can be further 
reduced substantially as compared with an addition, and a lamp life can be 
improved. Moreover, since the thickness of the end plate section is formed more 
thickly than the tube wall thickness of a tube part, joining of the conductor for 
feed can become easy, the electric and thermal junction to an electrode can 
become certain, and a discharge condition and a heat dissipation condition can 
be stabilized by the electrode of this invention, and it can prevent lowering of the 
brightness of the fluorescence discharge tube, and a lamp life, and can raise the 
manufacture yield of the fluorescence discharge tube. 
[Brief Description of the Drawings] 

[Drawing 1] It is the important section sectional view of the fluorescence 
discharge tube equipped with the electrode for the fluorescence discharge tubes 
concerning the operation gestalt of this invention. 

[Drawing 2] It is the sectional view of the electrode for the fluorescence discharge 
tubes which carried out impact shaping in the example of this invention. 
[Drawing 3] It is the important section sectional view of the fluorescence 
discharge tube equipped with the conventional electrode for the fluorescence 
discharge tubes. 
[Description of Notations] 
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4 End Plate Section 

5 Conductor 

6 Crevice for Conductor Positioning 
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